The disturbance of porphyrin synthesis induced by lead in both humans and experimental animals results in an increased excretion of porphyrins in the urine. The factors contributing to the porphyrinuria of lead poisoning remain incompletely understood. For the available evidence on the topic the reader is referred to several excellent reviews ( 1-4). Several groups of investigators (5-7), have reported data indicating a correlation between the concentration of coproporphyrin in urine and the concentrations of lead in the blood and urine of untreated industrial lead workers. These investigators used semiquantitative techniques for the estimation of coproporphyrin in urine. Bashour (8) has-also reported a positive correlation (r = 0.37) between blood lead concentration and the quantitative excretion of coproporphyrin in the urine of lead-exposed adults.
The disturbance of porphyrin synthesis induced by lead in both humans and experimental animals results in an increased excretion of porphyrins in the urine. The factors contributing to the porphyrinuria of lead poisoning remain incompletely understood. For the available evidence on the topic the reader is referred to several excellent reviews (1) (2) (3) (4) . Several groups of investigators (5) (6) (7) , have reported data indicating a correlation between the concentration of coproporphyrin in urine and the concentrations of lead in the blood and urine of untreated industrial lead workers. These investigators used semiquantitative techniques for the estimation of coproporphyrin in urine. Bashour (8) has-also reported a positive correlation (r = 0.37) between blood lead concentration and the quantitative excretion of coproporphyrin in the urine of lead-exposed adults.
During a study of acute and chronic lead poisoning in children certain quantitative relationships became apparent between the total daily urinary coproporphyrin output and a) the urine lead output induced by edathamil calcium disodium administration,8 and b) whole blood lead concentration.
MATERIALS AND METHODS
The data to be presented are based upon serial determinations of 24-hour urinary coproporphyrin output, 24-hour urine lead output and whole blood lead concentra- (10) . In this laboratory determinations of total urinary coproporphyrin output in control subjects gave values which agreed with the normal range for children reported by Hsia and Page (11) and Neve and Aldrich (12) (0 to 75 y per 24 hrs. for children weighing less than 80 lbs.). The age and weight distributions of the control subjects were comparable to those of the patients in the present study.
For the determination of lead in urine specimens were wet-digested and their lead content determined colorimetrically with dithizone according to the method of Bessman and Layne (13) .
Twenty-four hour urine collections were carried out on a metabolism frame (14) with precautions for the separation of urine and feces. Lead-free collection apparatus was used throughout When specimens for coproporphyrin analysis were collected, 1 to 3 grams of sodium carbonate, reagent grade, were added to the collection bottle as preservative. Five-gram samples of the lot of sodium carbonate used contained no detectable quantity of lead. Daily urinary creatinine excretion was determined as a further check on the completeness of each urine collection.
Whole blood lead concentration was determined by the Division of Laboratories of the Baltimore City Health Department by a wet-digestion dithizone technique (15) . 4 The authors wish to thank Dr. Samuel Schwartz for his generous gift of coproporphyrin which was used as a reference standard.
Specimens of blood were collected with the lead-free apparatus supplied by that laboratory.
RESULTS
In children with lead intoxication a positive correlation is found between the 24-hour urinary coproporphyrin output just prior to the parenteral administration of edathamil calcium disodium and the lead output during the first 24-hour period following institution of treatment with this chelating agent. The relationship is an exponential one and is shown graphically in Figure 1 . In this diagram the urinary coproporphyrin output is plotted logarithmically on the ordinate against the arithmetic plot of urine lead output on the abscissa so Since treatment with edathamil calcium disodium could not be deferred initially in patients with acute lead encephalopathy in order to obtain pre-treatment urinary coproporphyrin values, the data shown in Figure 1 were obtained from patients during the recovery phase. Each point on the curve was obtained from a different patient. Two of the patients had had acute lead encephalopathy one year previously and were clinically asymptomatic. In the remaining five the determinations were made two to three weeks after hospital admission and the initial treatment of acute lead encephalopathy. The coproporphyrin determinations were made on 24-hour urine samples obtained one to three days prior to the institution of a course of edathamil calcium disodium treatment. This was done in order that any possible effect of the drug upon urinary porphyrin excretion independent of its effect upon lead metabolism might be eliminated. A similar correlation is also found between the simultaneous urinary excretion of coproporphyrin and of lead during the parenteral administration of edathamil calcium disodium. This is shown in Figure 2 . This correlation is demonstrable both during the acute and convalescent phases of lead encephalopathy if patients with marked oliguria during the acute illness are excluded. The relationship is again an exponential one. The data plotted in Figure 2 were computed from 33 simultaneous determinations of lead and coproporphyrin in urine during 14 courses of therapy in nine patients. The slope of this regression (b) is 0.1762; the correlation coefficient (r = 0.7642) is statistically highly significant (P < 0.001).
In Table I At and after this time a positive exponential relationship between urinary coproporphyrin output and whole blood lead concentration is found, as is indicated in Figure 3 . The slope of the regression between these two values is 0.1850, when urine coproporphyrin output is plotted logarithmically and whole blood lead concentration arithmetically. The correlation coefficient of the regression (r = 0.6642) is highly significant (P < 0.001). The data were computed from 70 simultaneous, paired determinations in 15 patients who were studied during the first year after their recovery from an episode of acute lead encephalopathy. In this group of patients there was no known reexposure to lead after their initial hospitalization. The relationship shown in Figure 3 could not be demonstrated in children during the first two to three weeks following hospitalization for treatment of acute lead encephalopathy. During this period whole blood lead concentrations decrease rapidly from the very high levels initially present.
In children convalescent from acute lead poisoning this relationship between urine porphyrin excretion and blood lead concentration was also disturbed by intercurrent acute infections, during which sharp increases in urine coproporphyrin excretion were observed. In three of five convalescent patients, who were studied during such illnesses, the previously normal or slightly elevated 
DISCUSSION
The present studies in children with lead poisoning demonstrate a positive exponential correlation between daily total urinary coproporphyrin excretion and that quantity of lead in the body which is available for chelation and urinary excretion under the influence of edathamil calcium disodium (Figures 1 and 2 ). Foreman The total urinary porphyrin output is then probably correlated with the concentration of lead in the various soft tissues of lead-poisoned individuals. If this be the case, the quantitative coproporphyrin output can be considered to provide a measure of the "metabolically active" portion of lead responsible for its toxic effects.
The postulation that coproporphyrinuria in plumbism is quantitatively related to the soft tissue concentrations of lead and, therefore, to the toxic fraction of body lead is supported by the following observations. From data reported by Aub, Fairhall, Minot, and Reznikoff (18) , by Kehoe, Thamann, and Cholak (19) , and by ourselves (9) it can be estimated that the total lead content of the non-skeletal tissues may vary between 20 and 100 mg. Pb in children dying from acute lead encephalopathy. The data presented in Table I indicate that, under the influence of edathamil calcium disodium, the urinary coproporphyrin output does not approach normal levels in acutely ill patients until the latter days of drug administration, when the cumulative urinary excretion of lead reaches 20 to 50 mg. It was also observed clinically in the majority of acute cases of severe encephalopathy that subsidence of coma, convulsions and increased intracranial pressure usually occurred on the second or third day after institution of therapy. In individual patients the subsidence of these symptoms roughly coincided, during their initial course of treatment, with the time at which the urinary coproporphyrin excretion decreased.
In many patients with acute lead poisoning the urinary coproporphyrin output rises again to abnormal levels within a few days after cessation of drug administration. There are two possible interpretations. The edathamil calcium disodium present in the tissues may chelate enough of the remaining tissue lead to restore more normal biochemical pathways in pyrrole metabolism. Because of the rapid urinary excretion of this compound it disappears from the body within a few days. The degree of coproporphyrinuria reappearing at this time might then be a reflection of the residual soft tissue lead concentration which is no longer inactivated by combination with the chelating agent. In such patients subsequent administration of edathamil calcium disodium results again in an increased urinary excretion of lead, the magnitude of which can be predicted by the data in Figure 1 . On the other hand, the reduction in coproporphyrin excretion which occurs after five to seven days of edathamil calcium disodium administration might be in part due to direct interference by this chelating agent with the synthesis of porphyrins. It has been reported by Gibson, Neuberger, and Scott (20) that deltaaminolevulinic acid dehydrase is widely distributed in the tissues. This enzyme converts delta-aminolevulinic acid to porphobilinogen, the precursor of the known biologically important porphyrins. These workers found that edathamil inhibits the activity of delta-aminolevulinic acid dehydrase in vitro to a greater extent than does lead.
In the convalescent phase of lead poisoning when lead is redistributed among the various tissues and a new, relatively stable, metabolic state has been achieved, the exponential relationship between blood lead concentration and urinary coproporphyrin output shown in Figure 3 can be demonstrated. This finding confirms the correlation found in adult industrial lead workers between blood lead concentration and urinary coproporphyrin excretion reported by Shiels, Palmer, Cornish, and Kearley (7) and Bashour (8) . A rather large variation in whole blood lead concentration with respect to urinary coproporphyrin output can be noted in Figure 3 . In part, the magnitude of this variation may be explained by the fact that most of the data in Figure 3 Lastly, it should be noted that the method of Schwartz, Zieve, and Watson (10) used for porphyrin analysis in this study measures total urinary coproporphyrin. As pointed out by these authors (22) and confirmed by Comfort, Moore, and Weatherall (23) this method includes the determination not only of pre-formed coproporphyrin but also of significant amounts of an, as yet, unidentified precursor (or precursors) which is quantitatively converted to coproporphyrin during the analysis. Indeed, from his studies Weatherall (24) has suggested that a large portion of the urinary coproporphyrin measured may actually be excreted as precursor. The determination of total coproporphyrin in urine does appear, however, to be a useful measure of "chelatable" lead in the tissues, although preformed coproporphyrin may not be the principle metabolite excreted in the urine in lead poisoning.
SUMMARY AND CONCLUSIONS
In children with lead poisoning a positive correlation has been demonstrated between the urine lead output during the first day following the parenteral administration of edathamil calcium disodium and the total daily urinary coproporphyrin output just prior to the administration of the chelating agent. This relationship is an exponential one and was demonstrated in both the early recovery phase and the chronic phase of plumbism.
A similar correlation was found between the simultaneous daily urinary excretion of coproporphyrin and lead during parenteral edathamil calcium disodium administration.
During the convalescent phase in children who had recovered from acute lead encephalopathy an exponential relation was also found between the whole blood lead concentration and total daily urinary coproporphyrin excretion. This relationship could not be shown during the initial acute phase of encephalopathy when whole blood lead concentration was frequently quite high and decreasing rapidly.
These data indicate that the urinary coproporphyrin output is related to that fraction of lead in the tissues which is available for chelation and urinary excretion under the influence of edathamil calcium disodium. From the urinary coproporphyrin output one can predict the magnitude of lead output in the urine which will follow the parenteral administration of edathamil calcium disodium. Since it is believed that this chelating agent initially removes lead primarily from nonskeletal tissues, it appears reasonable to propose that the urinary coproporphyrin output in children with plumbism is correlated with the concentration of lead in soft tissues. Hence, the urinary coproporphyrin excretion provides a sensitive biochemical index of "metabolically active" and presumably toxic lead in tissues.
